Infusion is an important and widely used treatment method in present medical practice. The dripping speed of infusion is an important parameter during the infusion process. This paper introduced an intelligent infusion system with dripping speed remote setting and abnormal situation alarm function. The dripping speed control is achieved with fuzzy-PID control with auto adjusted factors. The test results show the characteristics of fast response and high accuracy of the intelligent infusion system.
Introduction
Clinical medicine has a rapid development in recent years, meanwhile, hospitals also have strengthened the construction toward information, automation and intelligent. The present status of the hospital in China is heavy workload on nurses, patients and medical staff. Nurses adjust the infusion speed with experience and bare eyes, this infusion speed management method can result in disastrous medical accidents whether the infusion speed is too low or too fast. Fuzzy control refers to the application of the fuzzy theory in the control technology. The fuzzy control uses language variables instead of mathematical variables. The fuzzy control is suitable for the industrial process without a mathematical model or hard to build a mathematical model, variables in those process tend to be non-linear variables. Fuzzy control doesn't need a specific mathematical model, it's an efficient way to solve uncertain problems in non-leaner systems. The dripping speed control system in the intelligent infusion system is a non-leaner system, therefore the fuzzy control method can be used in the intelligent infusion system to achieve precise and accurate control of the dripping speed.
The Fuzzy Control Algorithm
Current fuzzy control algorithm tends to produce steady-state error, in order to diminish the error to achieve the traumatic infusion dripping speed control, a adjusted fuzzy control algorithm must be adopted.
Fuzzy -PID Compound Controller
To improve the precision and tracking the performance of the fuzzy controller, the controller must use more variables, meanwhile, the number of rules and calculation amount are also greatly increased. One way to solve this contradiction is using different control method in different theory domain. Assume EP is one threshold, when EEP; the system use fuzzy control; when E<EZ, the system use PID control. Then, the fuzzy-PID control method not only improve the system's response time, response accuracy and robustness, also the control method can realize high accuracy fuzzy-PID control. The structure of the control method is shown in Fig.1 .
Fig.1. The structure of the fuzzy-PID compound controller
The optimal switch point is selected based on the following idea: When the system changes from fuzzy mode to PID mode, the optimal point is where the language value equals to "zero" (ZE). The system is under PID control mode when E=ZE, the PID algorithm is:
(1) In (1), Kp is ratio coefficient, Ki is integral coefficient, U is the output control variable of PID.
When language variable in fuzzy control equals to "zero" (ZE), the absolute error is not necessarily zero, in fact, on this basis, the state performance of the system can be improved according to the absolute error and error change trend. This integrator works as integral function when the absolute error is increasing while the absolute error is decreasing the integrator equals to a constant, when E=0 or the integral is saturated, the integrator can reset automatically.
The simulation results show that the fuzzy-PID controller, comparing to the conventional PID controller, advances in the anti-external disturbance, high robustness, low overshoot and fine dynamic characteristics. Compare to the simple fuzzy control mode, the fuzzy-PID control mode has good characteristics of accuracy and precision.
2.3
The PID Control Algorithm PID controller is a kind of regulator based on proportional, integral, derivative methods, it's the most widely used continuous system regulator. It has the characteristics of simple structure and easy setting. Through the using experience and theoretical analysis, the PID regulator can result in satisfied control effects on different control objects. In the fuzzy-PID controller, the PID control algorithm is:
In (2), u(t) is the output of the regulator, e(t) is the deviation signal, e(t) equals to the subtraction of the setting value and the output, kp is the proportional coefficient, Ti is the time integral coefficient, Td is the time derivative coefficient.
The computer system is a kind of sampling control system, it can only can calculate the control variable based on the sampling time deviation, thus to achieve (2), the data must be discretized, and the differential equation in the continuous system must be replaced by partial difference equation.
The discretization of the continuous system can use the equation: 
Differential of the first-order approximation:
In (5), T is sampling period, e(k) is the deviation of number k sampling, e(k-1) is the deviation of the number k-1 sampling. Based on (4) and (5), (3) is changed to:
If the sampling period T is small enough, (6) is proximate simulation of the PID algorithm. In real situation, every output is related to all the previous state, the calculation isn't efficient with (6), the deduction form of (6) is:
In (7),
,
Equation (7) is the PID control algorithm used in the intelligent infusion system.
Empirical Analysis of the Control Performance
To study the performance of the fuzzy controller with self-adjusting factors, the mixed empirical analysis is used in this paper. On one side, under the same control object, compare this controller to the fuzzy control fixed adjusting factors, on the other side, by changing the parameters of the control objects, observe the robustness. Selecting the typical second order link as the control object, the parameters of the control objects and performance data of the two kinds of fuzzy controller is shown in Table 1 . From the performance data, the auto adjusting fuzzy controller has low response time and overshoot, and it also has better robustness on the changing of variables than the fixed adjusting fuzzy controller.
The Implementation of the Fuzzy Controller
The control of the dripping speed uses fuzzy-PID compound control algorithm, this algorithm can increase the system's precision as well as improve the system overall l performance. The infusion speed deviation e and deviation rate ec are the input variables of the fuzzy controller, the increment steps u of the stepper motor is the output variable of the fuzzy controller, the control diagram is shown in Figure 2 . 
System Testing
The After the debugging of the system software and hardware, write the lower computer software to the single chip's flash memory, connect the circuit, and test the system in practical environment. The dripping speed is set by the mobile terminal and after 30s the dripping speed is observed with stopwatch. The result is shown in the table 2. The test results show a very satisfied response time from the set of dripping speed to the destination dripping speed, and the results also show that the observed dripping time deviated little from the displayed dripping time.
